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The problem considered in this thesis is the design and 
comparison from the stand point of first cost of two types of 
bridges suitable to carry traffic on Clairmont Road over North 
Peachtree Creek. 
The total span of this bridge is to be one hundred and 
thirty feet and the clear width of roadway twenty four feet 
(an increase of four feet over the present width of road). 
References were made throughout the design and preparation 
of this thesis to the following books: "Highway Bridges" by 
J. E. Kirkham, "Bridge Engineering", Volume I and II, by 
',Fadden, "Structural Theory" by Sutherland and Bowman, "Design 
of Highway Bridges" by Ketchum, and "Concrete Design Notes" 
by Professor F. C. Snow. 
Information as to the soundings to determine the character 
and type of the foundation was made available to me through 
the kindness of the Georgia State Highway Department. This 
information is given on the profile sheet fig. 1 and 2 
Due to the location of the road these bridges have been 
designed for class "A" loading. This loading is for bridges 
carrying normally heavy traffic units and the occasional passage 
of especially heavy loads. In both designs the specifications 
of the Georgia State Highway Department were followed throughout. 
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Standard Notation 
Es Modulus of Elasticity of Steel 
Ee Modulus of Elasticity of Concrete 
'f‘a 
fs Tensile unit stress in reinforcement 
fc Compressive unit stress in concrete 
fI 	Bending moment 
As Cross-sectional arca of reinforcement 
b 	width 
• Effective depth, distance from compression side in concrete 
to center of reinforcement in tension 
d' Distance from center of gravity of the tensile steel 
to tension side of beam 
k 	Ratio of depth of neutral axis to Effective depth 
Ratio of lever arm of resisting couple to Effective depth 
✓ Total shear 
✓ Unit shearing stress 
u Bond stress per unit area of bar surface 
o Perimeter of bar 
DL Dead Load 
LL Live Lead 
IL Impact Load 
L Span 
E Effective width (or a width over which a load of one 
wheel is considered to be distributed) 
• Total weight 
Vi 	weight per foot 
PI Point of Inflection 
Description of Bridges 
The following designs were made: 
Part XI. The Encased Steel Hit bean bridge composed 
of three thirty foot spans and one forty 
foot span. 
Part III. A low Warren type through truss composed 
of two sixty five foot spans. 
5 
Description Of loading 
The structure is designed for the following loads: 
(a) Dead loads which consists of the weight of the 
structure complete. 
(b) Live load consists of a train of motor trucks 
hereinafter described for class "A." loading. 
(c) Impact or dynamic effect of this live load. 
(d) Lateral forces or the wind force on the structure. 
6 
Description of Class "A" Loading 
Class "A" or H 15 loading consist of one truck of 
the gross weight indicated by the loading classification 
in tons followed by and preceded by trucks having a gross 
weight of three fourths of the gross weight indicated by the 
loading classification. The distances betmen the axles and 
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DESIGN OF ENCASED STEEL 







I 	I 	I 
I I 
I 	I 	I 
1 1 
CM 
L ....I_ _1 	J 
_6:_nmerfico/ atm, II ar Rcovir 
.0 









v--e Pier No..3 





• • ft; wa/ '6•1 .•••• 
•ZIP ° ' 
- 














/.0 :" Gracie 
/VOTE 
Elevoliams Shown are finished 
6,-add. E/evcrhose on Centerline of Reader"' 
r-Rood Surface 
30=0" 	 10=0" 
t Pier Alo. 2 
I I 	Pile. No. / 
—.— 
7ata1 Length of 8,/o'9e hie-0" - 
	 /7770 









2 	 L •• ,c., t,IA I bid 11 , 'Cot L. /L1 0 4 1 A'A'Affri 	delgt. 4, pdp I 4a / 4/ 1>f A , p i A IP I 1 : • • •eil e----T--. 
.I) 
„--_----„,-,...7 
O p / 	, 
O A 
A S A/ 406"P" , pi d/ 






CR055 SECT/ON OF THE ROADWAY 
SCALE i=/FT 
Allowable Working Stresses 
= Allowable unit tensile stress in steel = 18,000 lb/1n2 
6. Ultimate crushing. strength of concrete = 3,000 lb/in 2 
re..Allowable compressive stress in concrete. .4 f6 
1,800 lb/in2 
except over supports of continuous beams =.45 f6 = 
1,350 lb/in2 
=10 
- v . Allowable unit shearing stress 
value of v 	 web reinforcing 	special anchorage 
required of longitudinalssteel 
required 
less than .02 ,f6 	 NO 	 No 
between .02 fe and .03 176 	No Yes 
TT 	.03 f 	.06 Yes 	 No 
.06 f6 " .12 f 	Yes Yes 
:vitr . Shear concrete 'All carry 
u = Allowable bond stress 
for plain bars u =.04 f = 120 lb/in2 or less 
for def=ed barsr2u = .05 f 1Ø lb/in2 or less 
BO = Total perimeter of tension bars required to carry bond, 
12 
Slab Design for neased I" Beam Bridge 
Design of concrete slab for the 30 foot span. 
The sinb is supported by nine encased steel "I" beams 
aced 31 feet center to center, and is considered as a beam 
8 
continuous over nine supports and free at both ends. 
To locate the position of the truck wheel on the outside 
span which will produce a maximum positive moment in the 
slab between two "I" beans a load P = 1;74 will be placed in 
several positions in between the two supports and the negative 
moment over the second support found by the moment distribution 
method. (The opposite wheel falling on the alternate span 
produces a moment practically negligible but on the side of 
safety. Therefore only one wheel was considered.) 
Let a = distance from the load to the free support 
Let b = distance from the load to the second support 
Since the slab is of uniform thickness the stiffness 
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Slab design for Encased "I" Beam cont. 
MFAB =Pa(ii)2 
= Pb( a ) 
TBA 
























Slab Design for Encased "1" Beam cont. 
7 	 9 
when a ---Tn b =761, 	MFAB =.139PL MFBA 	PL 
	  L 
P 
1 
 ..01- a  1  
A  
+.139 -.108 0 . 0. 0. 
-.139 +.054 0. 0. 
+.027 -.0695 37557. 'DT 
-.027 +.03475 +.03475 -.013 
:::::
5 -.0135 
+.01738 -.016b - .0067b -.03475 
-.01738 +.01013 +.01013 
1770771- 0 . -.09= 





    
      
       
   
B 
  
when a = 	b = 
L 
MFAB  =-  .125 17- = -.rBA 125 • 
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a. -.Y977 1.0977 
15 
Slab Design for Encased "1" Beam cont. 
when a - 	b-= 	127AB =.088PL -• 147PL - 26BA - • 
L L 
B C 
+.088 -.147 0. 0 . 0. 
-.088 -1-.0735 +.0735 0 . 0. 
+.03675 -.044 77- T703675 
-.03675 .022 +,022 -.01838 +.01838 
+.0I1 .p..01838 -.00919 
-.011 +.01378 +.01378 
47-- -.100 +.100 
A 
11T 	5L 
when a - 	b = 1-6 	M AB = .0672PL MBA * = .148PL 
a 	tmi 
B 
+.0672 -.148 0. 0. 0. 
.0672 +.074 +.074 0. o. 
;05ge, 757--- Z57 4-.037 +.037 
.037 +.0168 +.0168 -.0185 -.0185 
4-.0084 -.0185 :7=5 +.0084 
- .0084 +.01388 +.01388 
0. -.0954 +.0954 
L L 
16 
Slab Design for Encased "I" Beam cont. 
3 
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FOR MAXIMUM NEGATIVE MOMENT THE TRucir WHEELS ARE PLACED IN THE MIDDLE CV - SAWS 0-E AND E.F 4S SHOWN 
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CROSS ,SECTION OF THE ROADWAY 
STIFFNESS FACTORS FOR ALL SPANS = / 
M 
Slab Design for Encased "In Beam cont. 
when a= .25 	= .0585 P *M,vt = RA x 1 -I- M - 1 x b 
RA = . 175-.0585 =.8915 	Hence Moment at section .25 from RA 
M . 25 =RA x a 	M. 25 =.6915 x ,25 	M.25 =.1725 
3.# 
	  1 	  
a 	  b 	  
IRA 
	
value 	value 	value 	value 	value of Moment 
of a of b of M of RA under the load. 
.25 .75 .0585 .6915 .1726)5 
.375 .625 .0835 .5415 .203 
.438 .562 .0921 .4699 .2055 
.5 .5 .0977 .4023 .201 
.625 .375 .1 .275 .1717 
.688 .312 .0954 .2166 .149 
175 .25 ,0861 .1639 .1228 
18 
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Slab Design for Encased "I" Beam oont. 
Figure No.ng on pagelashows that the maximum pesitilre 
moment due to LL 000urs when the wheel load is about .425 L. 
from ths free end as shown. 
-0-.4231 -0.- 
The magnitude of this moment (from fig..") is about .206 L. 
where: P wheel load 
L = distance between supports 
The maximum negative moment due to T.L occurs over the 
support when the wheel loads are pieced as shown 
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The magnitude of the negttive moment due to LL (from pagelqa) 
is .517 PL. 
I 	. 1-b 
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Slab design for Encased "I" Beam cont. 
The positive moment is maximum when shear -0. -'.''citing 
shear equation and ecuating it to 0 and solving for distence 
to the point of maximum postive moment 
V = .396 - wx = 0 
	
x s  .396 L - .396 x 2.125 -.842' 
Maximum positive moment is under the LL when the wheel is 
.425 L or .906 feet from the end support. (see page 19 ) 
Total (+) M = DLM+LLM4ILM 
2 
DLT= Rix - 	= .396 x 120 x 2.125 x .8442 - 120(.842)2. 
42 ft. lb. 
t 	-,- .2077 PL = 2077 x 8.45 x 1000 x 2.125 = 3730' 
= 30% of L.L. M. = 3730 x.3 = 	 I120'# 
Total 	- 42 +3730 i'1120 = 4892'# use 	4900 T # 
Maximum negative moment is over the center support RE 
-DLM over RE - .0833 71, =.0833 wL 2 -= .0333 x 120'x (24,25) 2  
-457Y 
-LI11 = .517 P = .517 x 8.45 x 1000 = 	 -4370 1 # 
- I11/1 = CLIM x .3 = -1315?# 
- Total Moment = 	57304 
Shear 
	


















Slab Design for Encased "I" Beam cont. 
bd2 	 moment in inch rounds 
n = 10 
K from table 	for 4'c = - 1200qin, 
fa =18000qin; 
K = 208.3 
    
d .i5730 x 12  208.3 x 12 d = 5.24 in. 
V 	 6098 	 d 	 d - 	 or d = 6.48 in. 12 x .87 x 90 
use 7 in. for d 
/A 	5730 x 12  top = 
1800 x 44107 x 7 is U 
As bottom 
= Ts= - 	
4900 x 12 
 18000 x .87 x 7 
= 	. at top 10 = 160 5 x .87 x 7 
at PI 0- 	4541  150 x .87 x 7 
at bottom 10 - 	2985  
150 x .87 x 7 
A =.627 in 
nos ..5Z7 ink 
IO = 6.66 in. 
ZO = 5.01 in. 
0 = 3.26 in. 
Slab Design for Encased "I" Beam cont. 
Since v used = .03 116 = 90#/i4 Special anchorage of 
longitudinal steel is required, or seven twelfths of the 
steel at the bottom must be carried through, 
x .537 = .31 in3 	of the steel at the bottom. 
Bottom use 5/8 Round bar 12" C to C. Straight through MK-S-500 
tt  use * Square bar 12" C to C bent up over the supports 
ME-S-450 
Top use ¢ Round 12" C to C straight through ME-S-601 
tt 
	
" 	Round 12" C to C beyond P.I. and hooked ME-S-600 
	
Total As in bottom used 7-- .56 inZ 	20 = 3.96 in. 
" top 	" =1.13 in2 	20 - 6.72 in. 
At P.I. 	20 = 7.32 in. 
For longitudinal reinforcement use 3/8 $ bars 12 in Cto C 
for full length of span MK-S-300 
Use 7i- stirrups 12 C to C MK-SB-20O(see page 36 fig.8) 
24 
Railing is designed to resist a horizontal force of 
150# per foot and a vertical force of 100# per foot. Moment 
in railing is greatest at the center. 
Moment in railing due to horizontal load 
m = wL2 or 1,1_150(9
a
.3)2  or 	. 1630'# 
8 
Moment in railing due to vertical load 
100 x 9,3 11- 	
8 	
or M = 1080 ,# 
Forces acting on the vertical 
post are the reactions from 
the two railings. (force a and b) 
-I-the force acting on the post 
a = b = 150 x 8.3 = 1340# 
Moment on post =1240 x .75 = 1240 x 2 = 3415 , # 
a 
45  As in vertical post- fsd-, - 18000 x .87
12 
 x 6.5 = •40 ink 
Use 2-* round bars 5" C to C bent as shown in fig.:}' page... 
MK-P-400 
As in railing - rs11/d. 	1630 x 12  Ox 	7x . 41 
Use 4-* square bars spaced 2" C to C in each horizontal plane 
and 3" C to C in vertical plane 	TIC-R-400 
25 
Design of curb 
The curb is desi gned to resist a lateral force of 
500'T per lineral foot of curb, applied at the top of the 
curb. Assuming the curb to be a cantilever beam 
M = 500 x 9 = 4500 in. lbs./ft. of length 
As = fs7 d 1117 450007177=13 = . 022 i4/ft. of width 
Use z'$ bars in vertical plane 12 0 to 0 bent as shown in 
fig. 8 Page 36 MK-C-400 
Use 6 5/8 round bars for the full length of span as shown 
in fig. 3 	Page 36 	MK-0-500 
26 
Design of 30 , span encased I beams 
Using 9 I beams, as shown in fig. 5 page 10 the 
spacing of beams SI- where L is distance from center to 
25 center of external beams. S=73- = 3.125 , The wheel 
concentration, or portion of wheel load carried b- one beam. 
S = 3.125 = 694 
4. 5 	4.5 	• 
Then load of rear wheel on a beam 












The center of gravity of a 15 ton truck is 2.8 feet from 
the center line of rear axle. Maximum moment in the beam 
will occur when the rear wheel is as far from one end of the 
span as the center of gravity of the truck is from the other. 
(as shown in fig. 7 	page 28 ) 
The maximum moment will occur under the wheel nearest the 
center of gravity. 
:fEMR2 = 15000 x 13.6 - 30 Ri = 0 	 R1 6800# 
L.L.M. . (6800 x 13.6)(wheel concentration) 
= 6800 x 13.6 x .694 = 642000 
Imp.M - 64200 x .3 = 19250? 
Assuming a 16" 36# Carnegie beam and encasement 12" wide by 
16" deep. 










/4: 	  
30 
/36 
FRONT WHEEL 	 
*.• 
P05/T1 ON OF TRUCX WHEELS FOR MAXIMUM MOMENT AT 
THE CENTER OF SPAN 
FIGURE 





Design of 30 1 span. I beam cont. 
tal DL per foot of span on the beam =wt. of slab per ftO x 
n wt. of beam per ft.-I-wt. of encasement per foot. 
tal DL per ft. of length =120 x 3.125+36 +192 
It 	tt 	if 	ft 	It 	 tr 	5035/. 
WLX
- 
V17:2 	where x =13.6' 2 	2 
603 x 30 x 13.6 	603 x 13.6)2  - 6'7500# '  2 
otal moment on the beam =0.L.M. t Im.M +D.L.M. 
= 64200#' + 19250#' 4 67500# ' 
150950#' or 1,810,000#" 
__t As = area of cross-section of I beam 
" I moment of inertia about 17-A of I beam 
It 
	
It 	It 	it 	 II 
II 
	
tt 	Ti 	It 	tt 
As 10,59 in 
t = 8.5 in. 
fie = 3,000#/ia 
I= 446.3inf 
a = 7.19 in. 
fe = 1200Y/in 
b =12 in. 1 
d = 23.18 in. 
h = 16" 
n = 10 
	
k = .4 
30 
Design of 30 , span I beam cont. 
beam dimensions. I.?lan,ge forming part of a floor system. 
(1) b - not more than one fourth of the span len7,th of beam 
(2) b - not more than the distance center to center of bean 
(3) b - not more than six times the width of beam._ 
(4) b - not more than eight times the least thickness of 
the slab plus the width of the stem. 
(1) b=-32- =7.5 , 
(2) b 3.125' 
- (3) b =6 x 	= 6 , 
(4) b =8 x 8.52- +1= 6.57 , 
The smallest b will be used which is 3.125' or b 	37.5" 
b 	b 	kd 3 	 (37 5 - 12) (.4 x 23.18) 3 
0 	5t 1 + (kd--",) 2 3 x 8,5 )thr- + (.4 x 23.18 - 8.5 	 8.5 I 
= 
1) 0 = 25.5 	b =bi+bo 	b =12 +25.5= 37.5 
I the no-l-nt of inertia of the section 
I s . the moment of inertia of the I beam 
A = the cross-section area of I beam 
I= I s A.s( lit a - kd) 2+ b ( 3khd )3 
4. I= 446.3 +10.59( 	4- V-7.19 - .4 x 23.18 )2 	37.5(.4 x 23.18) 3  
x 10 
1 =1812 in 
where J is the_total resisting moment of the section. 
10 	x 1200 
23
x 1812  — 	 — 2,340,000 in. lb. OK since it is the .4 x 	.18 
lightest section to carry the moment. 
<t- 
         
         
         
         
         
         
     
375' 
   
        
        





The center of the wheel can not come nerer than 2 ft. to tha 
A 
31 
Design of 30 1 span I beau cont. 
V is c;reates. 	11c rear wheel is at the sup -oort. 
V due to 'heel load = 8330 -7'. 
impact " = 8330 x .3 = 25000 
V " 	D.L. wL _ 603 x 30  _ 904e = 
2 	2 
Total V = 8330 +2500 +9045 = 19,875 -'/- 
Check for shecrin7, s3rees which must not eycecd .02 f ic or 
not, exceed .02 x 3000 or :must not exceed 60 1/in 
v - aV (kd 	= 7.18 x 19815 f. . 4 7 25.18 - 7.18 ) _ 4A.6#/i4, 
nI 	 10 x 1812 ' 	 2 
Check Cor bearing area between beam and girder 
19875  - Required area 	 33.1 in  
600 	600 
:_rea available = width of flenge x width of supnort 
ceter line of the exterior bear"; so the moment ar..d shear for 
the exterior beala re to C.L.. are 3.18 - 2.08  
3.18 	) time the values 
Design of 30' span I beam cont. 
[
for the interior beam. P.L. on exterior beam equals -te 
Aim of wei -hts of railing posts, railings, curb, slab and 
m 
overing. 
2 	9 J1 . of railing pos ts= 7 x 7 xT x 6 x 150 	= 900w 
. of railing 	= A. - 2 	3.42 	
_4 
- 2 	x 0 x 7 x 2 x 150 -2390jr 
' 
-wt. of curb =1.208 x .75 x 30 x 150 	 =4080h 
wt. of slab =2.25 x .708 x 30 - x 150 
t. of covering = 2.6 x 30 x 15 
Total weight 
Weight per foot of span- 15710 -524# 
30 
V = 7850# 
D.L.M. - 524 
	(30)2.5g000#, 
CLUJ 3.12 
31 - (18 (64200)=21,800P .2 
Imp. LI = 23800 x • 3=7,140#' 
-= 717 0# 
= 11 70# 
_LL 
=1571071 
Total moment on exterior beam = 87,940u or 1,028,000in-11). 
Moment is less than on interior beam. Same size beam was 
used as the interior beam. 
f t 
if 
Design of the 40' Span Encased .1 Beams 
Use the same spacing of I beams and tre same slab as 
in the 30' span. Since the truck preceriinE: and the truck 
following the one on the span are 30' from the front and rear 
axle respectively, it is obvious that the greatest moment 
will occur when only one truck is on the span and in the 
same -position relative to the center line of the span as 
in th.--; 30' span, shown' in figure 7 	-oage 28 
2MR2 = 15000 x 18.6 - 40R2 = 0 	R2 = 9300# 
L.L.M. = 9300 x 18.6 x .094 =120,000#' 
I.M. = 120000 x .3 =3600&' 
Assume 21 in. 59 lb. C. I beam 	As -17.36 
Wt. of encasement approx. (12 x 19 - 11 ) 150 = 251#/ft. 
144 
per foot = wt. of slab + wt. of bean + wt. of encasement 




120 x 3.125 	59 4- 251 	= 685.11- per foot of span 
istr- 	where x=15.5 , 
D.L.y.- 685 x 40  x 18.6 - 685 (18 . 6 ) 2 - 337000#' 
2 
Total M=L.L.M.-1-I.M.+ 
" = 120 000 + 36 , 000 -I- 137,000 
" 293, 00071 or 3,520,000 
As = 17.36 in 	a = 7.18 in. 	n = 10 	d = 28.18 in. 
I s =1246.8 in4 	f0 1200/in 	k .= .4 	b1 =12 in. 
b'12 in. 	t = 8.5 in. 	f5 =18000/in 	b = 37.5 
Design of 40 1 span I beam cont. 
(b - bi)(kd)3 	(37.5 - 12)1 4 x 28.18) 3  
3t 	+ (ka - 	 3 x (8 	12 + (.4 x 28.18- -7-1 
2i 8.5 1 o-- --t2- 
= 25.8 but b can not be more than 37.5 in. Hence use 
- 37.5 in. 
= Ise As ql. 4. a - kd_)2 +_ 
b(kd) 3  
5n 
= 1246.8 4-17.36( 21 +7.18 - .4 x 28.18)2+ 37,5(.4 x 28.18)
3 
2 	 3x10 
= 3745.0 in 
_ 10 x 1200 x 2494.4  M of the section = n Cc  
kd 	 .4 x 25.18 
M=39800041' or 4,780,000# for total resisting moment of 
the section. This size I beam will be used since it is the 
lightest beam that will carry the moment. 
✓ is greatest when the wheel is at the support 
✓ due to wheel load = 9300# 
✓ " 
✓ ,t 
= 9300 x .3 - 2790# 




Total V = 9300 2790 + 13700 =25790' 
aV.- - a , _ 	 . 7.18 x 25790 (4 x 28.18 	7.18 ka. V - 	- 	 10 x 3745 	 ) = 37.9 
less than .02 n or less than 60 	OK 
Check for bearingarea between beam and, girder 
 Required area- 	25790 600 - 	600  - 43 i 9n: 
Available area = width of flange x width of support 
=8.23 x 11 = 90.7 in 
Design of 40' span 1 beam cont. 
Check for eterior bearil size 
DL on exterior beam = wt. of railinr,:+wt. of .curb 
+wt. of slab+ portion of LL 
Railing posts 	x x 2.5 x 6 x 150=10001 .- 
1 1  Railing = 	x 	r, x 	x 18 x 150 =14.867i 
Curb•=1.3 x .75 x 40 x 150=5850# 
Slab= 2.31 x .708 x 40 x 150--.9800# 
Covering =1.6 x 15 x 40 = 9607 
Total D.J. = 19096: 
17-nr2 
M due to D.L. 	-
- -where x =18.6 I 7 Mr 
11 	19096x 18.6 	19096(18.6) 2  
2 	 40 x 2 
ft t? 	tY " = 99100;1 t or 1,199,0007 
As in case of 30' span L.L.+I.L. caried b the external 
bean - ( 3125 - 2.08  
3.125 	) ( L.L.+ 
--.34(9300 +9300 x .3)18.6 x .694 = 574061 ' or 688000#9 
 Total M on external beam =1,199,0004688,000 =1,887,00CF 
which is less than the moment on the internal beam. 
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38 
Design of Pier So. 1 and 2 
Internal beam loads (using the reactions due to 
rroduces maximum moment in the bewnithe error is smal l 
the side of safety. 
LL from 30 foot span beam 	=6800 (Pn,_ a 27 ) 
IL from 30 foot span beam 	=2040# 
DL from 30 foot span beam 	=9045# ( page 31 ) 
Total load from 30' span beam 6800 +2040 t'9045_ 1000 
=2310# (Page 31) 
= 690# 
DL 	 = 7850 (Pas 32) 
Total load from 30 foot external 	 2310 	A" 690 +7850 beam = 	 -10.8 4 1000 
9300# (Page 33) 
= 2790# 
DL 	 685 	=13700# (Page 3Z) 
Total load from 40 foot internal beam T 9300+ 2790 +137 0 	gp 




External beam 30 foot span 
= .34 x 6800 
IL =2310 x .3 
Internal 40 foot span beam 
Lit 
IL 




IL 	.3 x 3160 	 = 950# 
DL = 685 x 40 = 13700# 
Total load from 40 foot external beam _ 
Total load, acting on pier from internal 
Total load acting on pier from external 
3160 +950 +13700 = 17.8 Kp 
1000 
beam = 17.9 +25.9 = 43.8 Kp 
beam = 10.8 + 17.8 =28.6 
39 
Design of Pier 1 and 2 cont'd. 
28.61C 448/C 13.81( -st&sic leash. 43.811 4381( .10.81( 28,611 
- 	 .e• 	.././_____ 8 
3-1L„3 —Ai 	3 a --..-0-j ar 
  
	23. 67 
Vertical Forces Acting on the Transverse Beam of Pie 
2 tal load from the 30' span = 18.0 x 7 + 10.8 x 2 =147.6 Kp  
Total load from the 40' span = 25.8 x 7 * 17.81 x 2 = 207.0 Kp 
Assuming pedestal pier as shown in fig. 
Weight of transverse beam = 2 x 2.225 x 26 x 150 	* 17.5 Kp 
Weight of diaphragm * 21.6 x 1 x 13 x 150 	 a 42.0 Kp 
Weight of column from top to the bottom of diaphragm 
	
(2.17) 2 x 13 x 150 	 = 9.2 Kp 
Weight of column from the bottom of diaphragm to the 
top of footing 	2 33) 2 x 10 x 150 	 8.15 Kp 
Weight of footing = ( 	2 x 150 
	
7.5 Kp 
Lateral Forces Acting on the Pier 
Wind load = (projected area on vertical plan0x1.5 x 30 
Wind load on pier = 2.17 x 16 x 1.5 x 30 = 1.56 Kp acting 
about 16' from the bottom of footing, 
Wind load on 30' span = 2 x 30 x 1.5 x 30 = 2.72 Kp acting 
about 29' from the bottom of footing 
Wind load on railing = 35 x 1.5 x 30 a 1.58 Kp acting about 
29' from the bottom of footing. 
40 
Design of Pier 1 and 2 contld. 
Wind load on 40' span = 8 x 40 x 1.5 x 30 = 5.4 Kr, acting about 
27.5 1 from the bottom of footing . 
Wind load on Railing z 47 x 1.5 x 30 	=2.1 Kp acting about 
27.5' from the bottom of footing. 
Wind load on live load = 200# per linear foot and its point of 
application is 6 ft. above the roadway. 
Wind load on 30' span =2u0 x 30 	 7=6 Kp acting about 
35' from the bottom of footing. 
Wind load on 40 1 span 717 200 a 40 	 %=8 Kp acting about 
35 1 from the bottom of footing. 
Maximum velocity of the stream at high water is about 9' per 
second. F = 1.24AV2 (Waddell Vol. I) 
F = Total Force in pounds. 
A = Area in square ft. perpendicular to the line of motion of 
water. 
V = Velocity of water in feet per second. 









loidAg Re x 2367-141-w 35- 43=29— 755 	306x/6 
Rg = 7 1 
lidAGN/TUDE OF RESULTANT FORCE =- 
IF= 3.06* 75. 43+/4= 28 8 




Design of Pier 1 and 2 cont'd. 
To locate the neutral axis of the 
section through the beam and diaphragm, 
take moment of area about x x. 
x 2 14 * 13 X 1 X 6.5 s. 7.58 ft 
18 
To find the moment of inertia of the 




a. 1), hr 	* 612 " 	 4. A. df. 2 -11r 
4 x (6.42)2 .1x (13) 3  
12 
13 x (1.08) 2 * 364.5 
IB 364.5 ft
4 
Moment of inertia of column section at the base of diaphragm 
I0 = ( 2 .33 ) 4 * 2.46 ft4 . 
12 
Stiffness factor for column Ic * 2.46  ig .246 Fe 
r 1 
Stiffness factor for beam 364.5 a 15.4 4. FB 
23.67 
Dividing both stiffness factors by .246, 
F * 15 .4 * 62.7 B 72"11T 
F , .246 
77Z-C 
43 
Design of Pi 1, 1 









23.67 	 +.061 -.061 
+2.97 
0 +2.96 
-.036 -2.3  
+1.166 
-.018 -1.13  
+.009 + .566 
-.009 - .566 




- 2.96 	0 
+2 . 3IV6 
+.036 
 T -77 
+ 1.13 	+.018 
- .566 -.75151 
* .566 +.009 
- aUb +70.54. 
Beam Column 


















-  .0181  
+ .0083 
.0083 
P = 7 x 43.8 = 306.6 
Moment in the column at beam == .054P = .054 x 306.6 
Moment in the column at beam .1= 16.6 Ki) Ft. 
Design of 	1 Jn.i 2 
Moment distribution for determining tine moments due to uniform 
load. 
ewe 	















+46.6 	 -46.6 
+45.9 .45.92 
-45.2 	 +45.2 
-it= .2.6 
-22.3 	 i-22.3  
+11.12 -i1.12  







0.3.x' 	t 1 4'4 - 1.74 X1.08 










x 2 1-13 x 1)(150) = 2.55 4 ,.per, foot of length. 1000 
Moment in the Column at the beam = 14a 
Moment in the column at the beams 2.73 Kp ft 
"AW 
Design of Pier 1 and 2 









	3.125' 	3.125' 	 .125' 	 .125' 
    
E— 16.6 Ifp 
//de 3 
  
   
   
AI/ 
Reaction from column on the beam R 1 on beam 
45 
R 147.6 + 207  (Page 39) 
2 
177.3 Kp. 
Mc 131.4 x 6.25 + 28.6 x 12.5 + 16.6 + M — 177.3 x 1 
M .74 919 Kp Ft. 
Determining the moment in transverse beam due to DL or beam 
* = 2 5 Kr Ft 
— 2.73/fp yet 
1/83 
/a' 	 
R1 — 	2 
26 x 2.55  = 33.1 Kp 
14,2 + 2.73 .l x 11.83 
= 33.1 x 11.83 — 2.73 _ 2.55 x (13) 2 
8 
M due to DL 334.2 Kp Ft. 
46 
Design of pier 1 and 2 
Total moment at the center = 919.0 + 334.2 = 1253.2 Kp Ft. 
- M _ 1252.3 x 10u0 x 12 _5.45 in2. 
- 1717. - 18000 x .87 x 177 
Maximum shear is over the support on the down stream column 
when the wind load and water pressure are considered. 
V 7: (7 x 43.8 + 
2
2.55 x 23.67) in. 37.1 = 220.3 Kp. 
to _V _ 220.3 x 1000  ;12 in 
- 	- 120 x .87 x177 
Use 3 -  4 in. square bars MX - Di050 4 in. C to C. 
As used f= 4.69 	=. 15 in. 
Use 1 - 1 in. square bar MK D -950 
As used 	1.27 aE0 use = 4.5 in. 
Total A
s used = 5.960 use =19.5 in. 
Check for Shear 
y ,
V  V 
	220.3 x 1000 	121 b - d - 12 x .87 x 177 - 
Since value of V is between .03f le. and .064- web reinforcing is 
used. Ire 	Yb 1J d = 6J x 12 x .87 x 177 = 111,000#. 
Vs = V 	= 220.3 x 1000 - 110800 = 109,300#. 
Let S = spacing of web reinforcing bars. Using round bars, 
A 	62 	S 	
s 	
... .62 x 18000 x .87 x 177 = 15.8 
As - - 109000 
Use bars MK - PB - 500 15 in. C to C full length of beam. 
• 
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48 
Design of Pier 1 and 2 
Check for Double Reinforcing 
M 1253.2 x 1000 x 12 =15,050,000 in pounds 
Kbd2 = 208.3 x 12 x 177 = 78,200,000 laupounds. 
6ince M1 is greater than IL compression steel is not required. 
however, the mimimum steel required_ was used. 
A = .005 x 24 x 24 = 2.88 in2 . 
Use 2 - bars Yg - PB -700 -5 in. C to C. (See fig.12 page 55) 
use 2- bars MK - PB -701 -6 in. C to C. 
:se 2 - bars MK -PB - 702 -18 in. C to C. 
Total A used = 3.61 in2 . 
Steel in diaphragm must not be less than .125 in 2 per foot of 
height. 
Use 21 - bars MK - DV -400 12 in-. C to C alternating front 
and back. 
Use 13 - bars MK - Da -400 12 in. C to C alternating front 
(See fig.12 page 55) 	 and back. 
49 
-Column , Desi 
Working Stresses Used in Columns 
J. C. S. Rules 
• fie . 900 ei 2 . 
p must be between .005 and .04 of cross section area. 
fa . 16000 #/in 2 . 
n . 10 
The dangerous section in the column due to flexural stresses 
is at the base of the diaphragm. Moment on that section is the 
sum of moments due to following loads: 
(a) Wind loads * (b) Water pressure on pier + (c) Dead 
load of girder * (d) Live and dead load from spans. 
Total wind and water pressure . 28.8 Kips. 
Moment on column Ms4t L288  x 12.8 . 185.4 K. Ft. 
Moment on column (0) . 2.73 K. Ft. 
Moment on column (d) if 16.6 K. Ft. 
Total M 	 = 204.7 K. Ft. 
Total vertical force , Load from spans + Dead load of tier 4. 
2 
Reaction due to wind, load. 
Total vertical force I = 147 0 6 * 20717.5 + 42 * 9 . 2  • 37.1 
2 	 2 







Ratio of unsupported length L to the smallest sectional 
dimension must be less than 15. 
L120 
-& 28 	1 11;6 2.4 
/W m 211.7 x 11.6 	.125 
bt 900 x (28r 
From diag. 5 up = .13 	Therefore p = .013 
As = .013 x area of section = .015 x (28) 2 
As = 10.2 in2 . Use 2 - Li square bars. MK C 950. 7 in. 
C. to C. at the footing and 6 in. C to C at the top, in each 
b-face. 
Use 4 - 1.1 square bars. MK - C - 1050 bars in corners. 21 in. 
4 
C to C at the footing, and 18 in. C to C at the top, the 
bars hooked at both ends. 
Lateral ties or hoops arebars MK - C - 200 and spaced 
4 
12 in. C.C. for the full height of the column. 
51 
Longitudinal Forces on the Pier 
According to the Georgia State Highway specifications, 
a longitudinal force is equal in-magnitude to .1 of the live 
load on the bridge. This force is applied 4 feet above the 
floor. 
LL on the 30' soan = one 15 Un truck 4.30 Kp. 
LL on the 40' span --,- one 15 ton truck and the front wheels 
of a 11 1 ton truck. 
LL on the 40' span .., 30 4-* 4.5 	34,5 Kp. 
Total load from both spans on pier 	(34.5 s 30).1 	6.45 Kp. 
Maximum moment on the pier due to this load will occur be 
footing, its magnitude IL . 6.45 x (25 1 + 1.15" * .75 + 4.t.)  
M 3.22 x 31.5' 	101 Kp Ft, 
This moment is less. than moment in the faces at right angles 
to the center line of the stream. aowever, same size and 
number of bars were used as in face - b 




Allowable Working Stresses 
f  
n . 10 
fe . 18000 #/in'.  
K . 208.3 
1200 ein2 . 
-52 
V - .024 No special anchorage required . 60 #/in 2 . 
.034 Special anchorage required 	. 90 #/in2 ' 
.375fic Bars two ways required 	. 112 ein2 . 
v 	.06f punching shear p  
Let W weight of footing 
N . total load on footing 
L = bearing power of soil in tons per ft. 2 . 
Assuming B T . 5 ft., and d 	- 31 
W - 5 x 5 x 2 x 150 . 7500 i. 
. 180 I/in2 . 
83 
Design of Footing 
Y . upward thrust 0 
ET 
Total N 	211.7 + weight of colUmn:abL,ve footing m 211.7 • 8.15 
og 219.8 Kp. 
y 219.8 x 1000  0 8800 #/ft2 . 
5 x 5 
ld 0 moment along CE (fig. 10 	(T t) 2(2B • b) 
24 
0 (5 - 2.33) 2(2 	5 * 2.33)6600  
M 0 32300 1 i 
P punching shear along CE (Page 52 ) 0 (B * b)(T - t)Y 
Z 
P at (5 + 2.33)(6 - 2.33)8800 





/32300 x 12 
208.3 x 28 
in. 
P ss 43000 
12v 12 x 130 x 28 
d .72 in. 
Check for Design Without Steel 
Let ft = unit tensile strength of the concrete. f o must not 
exceed .01ft or ft must not exceed 30 #/in 2 . 
g 	6K .. 6 x 32300 x 12  
Tar 	28 x (21) 2 
at 189 #/in2 . Therefore steel must be used. 
Design of Footing 
A
s 
a M a 	32300 x 12 
1737 18b00 x .6171-721 
As = 1.18 in2 . 
Steel in B or T direction is distributed over a width of B or 
T unless B or T is greater than (t * 2d) or (b + 2d) 
B = T = 5' 	(t 	b) 	t 	2d = 2.33 + 2 x 21 = 5.83' 
Therefore steel is distributed over a distance B or T. 
Check for Shear 
* = 
121Jjd 
Where V1 = Area of (LIMY (see fig. on page 52) 




Therefore Y = 0. Therefore no special anchorage is required. 
Use 5 bars MK - F - 500. 	131 in. C to C in both directions. 
54 
2367 ' 	 
26 
2 /- A1/1-01/- 400- /2 "C to C. 
ALTERNAT/N6 FRONT AND BACK 
--3-M/1-0 -/050 
DETAILS OF PIER AND 2 
F/6URE IPA 
SCALE 	/ 1 0" 
SECT/ON A-A 










- /-41/(-0-950 — /3A1K-0/-1-400-12'LtorC 








2 3- MX -C -200 /2-C TO C 
SEARS-MA-F- 500 
to C. - BOTH WAYS. 
8 AM-c -950 7t to C 
4-MX-C-/0.50 -2/Z" toC 
	 2367 ' 	 
28 
26' 	 
PIER NO 3 
E/GURE „ LEO 
SCALE 1= 0" 4 
	bzH 
044 
3.5" K 358K 35 8 K 355: 8 K 358K 3,5: 8 A- 35 8 K 
57 
Design of PierNo. 3 
a' 7 217K 
2,5. 67 
Using the reaction due to LL which gives maximum 
oment in the beam the error is small and on the side of 
afety. 
_oad per internal beam per span 0 17.88 Kp. 
Load per internal beam per two spans w 35.76. Use 35.8 Kp. 
Load per external beam per span. 0 10.85 Kp. 
Load per external beam per two spans = 21.7 Kp. 
Assuming pier as shown in fig.13 page 56 
Weight of transverse beam a 2 x 2.2030c 26 x 150 	17.6 Kp. 
. 21.6 x 1.33 x 6 x 150  Weight of diaphragm 	 1000 
Weight of columns m 2.17 x 2.17 x 12 x 15p x 2  1000 
Total DL 0 17.6 * 26 * 17 
Assume footing 3.5 x 5 ft. wide, 
Weight of footing = 3.5 x 5.0 x 26 x 150  
1000 
0 26 Kp. 
17.0 Kp. 
smi 60.6 Kp. 
0 68.5 
2 x 2,* 1.33 x 6 	= 4.34 ft. 
2 x 2 x 7 * 1.33 x 6 x 3  
IB 
2 x 2  * 4 x (2.66)2 * 1.33 x 63  
12 	 12 
* 	x (1.34) 2 
IB = 67.8 
= (2.25) 
-11-7 2.14 ft . 
58 
Design of Pier No. 3 
To locate the neutral axis of the - 
=ection, taking moment of areas about 
line x - x, 
Stiffness factor for beam 1: 21.67 zs 67.8  23 67 
Stiffness factor for beam * 2.8 
Stiffness factor for column = ic * 2... 
= .535 Ft3 . 
Assume footing 5 ft. wide and 3.5 ft. deep. 
Therefore, If = 5 x
1
3 s) 3 = 17.9 ft4 . 
Stiffness factor for footing 
	17.9 	.76 ft3 . 
Dividing stiffness factors by .535, 
F13 = 24 = 5.25 ft3 
 Fa = 	= 1.0 ft3 
F .76 = 7 
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fixed end momenta 
FAB AFB. = Pa( b) 2 - 21.7 x .665 
(a a b 	11.83) 250.7 x 11.83( 11 .83  2 	21.7 x .665 a. 72$ 
.67 
294.1 	11.3 26 
a 1ti2 1.16) 2 a 11.3(23.67) 2 	11.3(1.16) 2  as 
MFCD MFDC 	
IN
2 	 12 	 2 
521 1 # 
A 
z 1.68 +.,„,..17 z 2.33 1 	 26 
w 4. weight of column  
Deem of Pier No. 3 
Moment Distribution for Uniform Load 
a 121.3k1L of beam + 
eng 	o 	earn 

























+ 62.8  
- 31.4 
+ 22.2  
- 11.1 
+ 9*I  





























yir(li16) 2 a 1.68 x (23.67) 2 	1.68 x (1.16) 2 
12 	 2 
z 77.3 
= 	 (1.16)2 a  2.3(23.67) 2 	2.3(1.16) 2 a 107  
FDC FCD 12 	2 	 12 	 2 
61 
Design of Pier Ito. 3 
Moment Distribution for Wind Load 
Total transverse force on the pier = 2(6 + 2.72 * 1.58 • 1) = 
22.6 Kp. (Page 39) 
Since the columns are alike. the shear is equally divided,there- 
fore the moment in the columns a .(shearing force)24 length of 
2 




* 8.5 777,o 
-11.0 ►11.0 











+ 6.65 4 6 .65 
X 4.95 "4.95 
- 2.47 - 2.47 








* 3.6  
* 4,6 
* 2.1  
- 1.75 












* 3.6  
* 4.6 
- 2.1  
- 1.75 
• 1.15  
-17.1  
or -24 .5 
-22.6 




* 1.45  
-143  
or -20.8 
	 /7 / 
0 = 48 - 2(17.1 + 14.6) a 0 
S st 15.8 Kp. 
u 	_.(2 i. .6) 
4"AD 	4' 	
11,0T a 24.5 Kp. ft. 
22.6 mDA a 14.6 = 20.8 Kp. ft. mDC 15.8 
/1.6 
Design of Pier Do. 3 
Total X at D = *Dal I. CI 	I. 
Total X at D 	-55.4 - 2:50.8 • 20 .8 . 
 Total X at D = -285.4 4. Ft. 
Total X at C 11° DLX • Cal + Wind Ur. 
Total i at C +55.4 * 250.8 4. LOA 
Total X at C ■ *327.0 ICp. Ft« 
Total X at A to DIM CIA Wind I. 
Total X at A to -4.0 	66.4 *24.5 
Total U at A in beam it 86.9 )4. Ft. 
Total X at B in beam a DIM CIS Wind LM. 
Total X at B in beam la +4.0 - 66.4 * 24.5 
Total it at B in beam = -37.9 iCp. Ft. 
Showing the beam as tree body, 
DL CL ^ = 337.8 4). 
c56911.Ft 	 3P91127t 
iltRa  
R 	* 1 
= 23.67111 
167.0 KP. 




*me - 86.9 * 107.4 x 6.2 *21.7 x 12.5 167 x 11.83 
2 1.68 x (13)  
10 171 x 1000 	* 17.85 in. 
120-x .87 x 92 
63 
Design of Pier No. 3 
Positive moment in the beam is greatest at the center of span. 
Showing the left • portion of the beam as free body, 
21710 	 104111: 
Etz5' 	 	 45.25' 
I 	liv-ies,( ,), I 
/1,83' 
1 1.-  
860Art  
/TN 
44 977.0 Kp Ft. 
II 	977.0 x 1000 x 12  = 8.18 T;TI 18000 x .87 x 92 
Check for Perimeter 
Maximum vertical shear is over the second support R2 = 171 Kp. 
Use 4 - Ll.." square bars la D - 1050 4 in. C to C through., 
4 
hooked at both ends d =93' 
Use 2 - 1" square bars MK D - 850 8 in. C to C through, 
hocked at both ends d 89' 
Total A.s used = 8.25 in2 . 	used a 28.0 in. 
64 
Design of Pier No. 3 
Check for Double Reinforcing 
M = 977.0 x 1000 x 12 a 11,740,000 in. pounds. 
Mi = lad2 = 208.3 x 16 x (92) 2 = 28,200,0aG in. pounds. 
Compression steel is not required. However, the minimum 
steel required is used. A s a .005 x (24) 2 = 2.88 in2 . 
Use 5 - 	bars MK B - 700 placed as shown in fig.14 
page73 and hooked at both ends. 
Check for Shear 
V . 171.0 	10 x 00  = 134#/in2 . 171. 16 x .87 x 92 
Web reinforcing is required. 
Vc = vbi Jd a 60 x 16 x .87 x 92 = 76,800# 
V = 171.0 - 21.7 - 1.66 x 1.68 = 146.5 Kp. 
Vs = V - Vc = 146.5 x 1000 - 76800 = 69,700#. 
Let S = spacing of bars. 	As = cross section area of steel. 
Using 1 round bars S = ash . .39 x 
169,800700 
 0 x .87 x 92 = 8.0 in
. 
s , .39 x 18000 x .87 i 92 a 19.6 in. Use 18 in. spacing. 28700 
Use 17.4. bars MX - B 400 	18" C to C for the remaining 
length of the beam. 
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Column Design for Pier No-.- 3 
The greatest moment in the column due to transverse loads is 
at the footing; its magnitude It = 327.0 Kp. Ft. 
Working Stresses, J. C. S. Rules 
f = 900#/in2 




Percent of steel between .005 and .04. 
b1 	t = 28" 
M = 327 x 1000 = 327,000 ft. lb. 
N =R * wt. of column (from page 57 ) wt. col. = 
R -= Reaction on beam (see page 62) = 171.0 Kp. 
N =171.0 + 8.5 = 17905 Kp. x 1000 =179,5001. 
go = M = 327,000 = 1.83 
II 	189,500 
nt, 	 10 x 900  =.36 
+ of c 	16000 + 10 x 900 
NI° ,  179500 x 1.83  „ 
f bt2 	900 x 28 x (28y - .0166 
t 	28 = 15.4 
r:721  
From diagram 5 it is evident that the moment due to eccentric 
loading is small for the length, and the column is designed as 
a strut. 
The minimum longitudinal reinforcement must be bars not less 
than one inch in diameter and have a total cross sectional 
6! 
Column Design for t No. 3 
area of not less than .007 x erossectic nal area of the 
column. 	 As = .007 x (28) 	5.49 in2 
Use 4 - 	square bars MX - e - 850, Total A s a 6.25 in2 . 
Use 4% round bars for hoops MK - C - 200 12 in. C to C. 
Longitudinal Forces on Pier 
Total longitudinal force from the two 30' spans a, 2 x 30 x .1 a 
6 Kp. (See page 40). 
This force is applied 4 feet above the floor, or 18 feet above 
the footing. 
Hence moment due to this load 0  6 
2 
x 1  = 54 Kp. Ft. 
Since this moment is less than the moment due to transverse 
loading, stresses will be less. 
Use same reinforcing in the faces perpendicular to center line 
of the road. 
68 
Design of Footing 
Working Stresses 
fe = 1200#/in2 n * 10 
Bars two ways 
* .0375ee 
 112#/in  
No special anchorage 
V = .02f'c 	60#/in2 




V = .0310 90#/in2 
Assuming for footing a slab 3.5 feet deep , by 5 feet wide as 
shown in fig. 14 page 73. 
The bearing stress of the soil under the footing in tons per 
square foot a I. 
L , maximum force from columns * wt. of columns + wt. of footing  
area of footing x 2000 
2(171 * 8.5 1000 * 3.5 x 5 x 26 x 150 tons 1.64 —fir which is 
satisfactory. 
1.16' 
/4 W 83 13.8K /ft 
26 1 
Greatest force from column m R + wt. of column. 
R 	171.0 Kp. (page 62 ) and wt. of column 17 (page 57 ). 
23 1.16 
69 
Design of looting 
w = (171.0 * 8 . 5 ) 2  =13.8 26 





= moment from column = 285.4 (see page 62 ). 
x S = 167.0 x 11.84 - 285.4 	13.8 	11.83) 22 
a 727.0 Kp. ft 
Aa 
 727.0 x 1000 x 12  
TXT 18000 x .87 x 39.0 14.3 in
2 . 
V 	 171.1 x 1000  2=43 in. 
a zrzr - ttrz - 112 x .87 x 39.0 
Use 4 - a square bars MK - 	 d - 1050 12 in. C to C through an 
4 
hooked. at both ends. 
1 Use 5 - 1-
4 
 square bars M1C 	- 1051 12 in. C to 0 bent at P.a. 
as shown in fig.14 
used 14.1 	 used 45 in. 
'70 
PPaign of Footing 
Check for Double Reinforcing 
M a 727.0 x 1000 x 12 a 8,730,000 in. pounds. 
Mi a Kbd2 a 208.3 x 60(39) 2 19,000,000 in pounds. 
Since Mi 7"- M compression steel is not required. 
Check for Shear 
, 171.0 x 1000 
ITT - 60 --x.87 x 3 84.0 ein2 . 
Assuming that only T length of the footing-resists the longitudin-
al moment, B a 5' b = 2.33'; P = 4.65' t = 2.33 I. 
N total load on footing = 171.0 Kt. 
Y = upward thrust on footing per square foot Im 171 x 1000 raW: 
= 7370 032 . 
Pi = punching shear along CE (area of CEFD)Y 
Pi = 4.24 x 7370 a 31400# 
1J 
Design of Footing 
al punching shear along 	 (area of EGFir)Y 
P2 = (2.33 x 1.33 t 
1.16 x 1.330  m 3.9 x 7370 = 28700# 
0 moment along 	(area of CDEF)(upward thrust} (distance 
from center of area of CDEF to OE) 
4.24 x 7370 x .77 	 Mi 0 24004 
M2 moment along EG = (Area of EGHF (upward thrust)(distance 
from center of area of BASF to EG) 
X2 • 3.9 x 7370 x .7 	 X2 ill 20200'f 
12 la 20200'f 
Using the largest value of punching shear and moment to check 
for d, 
n\124000 x 12  0 4.7 in. 208.3 x 60 
P 
• 
	31400 	0 .52 in. IZTT 12 x 180 x 2-8 Used for d = 39 in. 
71 
2 
Check for Tensile Steel 
ft if:›-.01f/ or;.-30iiin2 steel must be used. 
• 6M, • 6 x 24000 x 12  = 54.6 #/in2 steel is required . 
Far 	28 x (39)2 
f 	OM, 6 x 20200 x 12 • 34.3 #/in2 steel is required. t 28 x (39/2 
As 24 ; 000 x 12 	.473 in2 . 18000- x .87 x 39 
72 
Design of Footing 




AS a 1Ti l 18trac 	2.8ex 39 
mg  
4 - bars MK - F - 1051 are bent down from the top of the footing, 
as shown in fig. 14 page 73. 
MO, 




L 7-Xt.y4ff-C- Roo 





8" C. TO C 
Mg-OH-100 - /2"C TO C 
ALTER/VAT/MS FRONT AND BACif 
/2- Alg-c - 850 7'e C.To C. AT 	i -me-,0-1050-4 °C.To C. 
THE FOOTING 6 ""C TO C. AT THE TOP 
2/-MM1,frov - fov /2"GTOC 
ALTER/VAT/N6 FRONT 44.0 840x 
IMO 
• 
-Mr-P-A9,50 -/2" C To c. 
DETAILS OF PER NO.3 
F/6URE g3 
SCALE 1= 1'-0 . 
alb 
5-Mif - 700 
Design of Abutment 
The greatest load on the abutment will occur when the rear 
. .heels of the 15 ton truek are over the abutment in both lanes 
roadway. 
	
Maximum load on abutment 	 DL s IL = 118500# 
LL a 24,000 x 2 = 48,000# 
DL a 9040 x 7 (page 31 ) 	63,3001 
IL 24,000 x .3 = 7200# 
Weight of abutment shown in figure 15 	662001. 
Assuming that the slab portion of abutment does not provide any 
effective beariag area, total force on the bottom of abutment 
184,7001. 
Let B a soil pressure on the bottom of abutment in tons/ft 2 . 
B =  total force on the abutment  
area of the bottom of abutment 
184700#  .734 tons per foot square a  4.5 x:28 x_2000 
Greatest moment in the abutment in plane parallel to the 0 1L. 
of the roadway occurs midway between the floor beams. 
w12 where M moment per foot of width 
a span or distance between center lines of beams. L = 3.125' 
= pressure of soil in pound per foot of length. 
, 118500 	a 9401/ft. 4.5 x 28 
74 
75 
Design of Abutm:nt 
	
.125)2 	11501# 
m 	 1150 x 12 	.047 in2 f id 	18000 x -.8 x 1.9 
4.53 in. 
Use 6 ..fifbars MK, -A 400, 10 in. C to C full length of 
abutment and hooked at both ends. 
The greatest moment in the abutment in plane perpendicular 
to of roadway occurs under the floor beams. 
wL2 
2 
Where U = moment per foot of width, 
ff = pressure of soil in pounds per foot of length 
L = half of the width of abutment = 2.25' 
= 1150 x (2.25) 2  
2 	= 2910'# 
m 	2910 x 12 	= .12 ta2 
, V ae 	1468 x 2.25  = 1.28 in. UrS. 120 x .8? x 19 
Use 27 - 1 square bars, UK 	. 450 12-1 in. C to C. 
Maximum moment in the slab portion of the abutment occurs 
at the vertical wall when the wheels of the truck are on the 
edge of the slab as shown. 
m 940 x 1( 
8 
V 	8950 
44 trrd. 11277771-79C 
18000 x .87 x 19 
Design of Abutment 
76 
Total maximum force = wheel loads 
* IL = 24000 x 2 $ 24000 x 2 x .3 
n 62400#. 
Force per foot of width = 
62,400 	= 2600 #/foot. 
width of roadway 
Moment at the vertical wall X m 
2600 x 2.5 = 6500I# 
A a 	6500 x 12 	, .55 in2. 
8 18000 x .87 x 9 
2600 	 20 - 	 = 2.78 in. 
120 x .87 x 9 
Use 54- .143bars, MK - AS --401 6 in. C to C bent as shown 
in fig.15 
Steel in slab part of abutment transverse to roadway is 
temperature steel. Use 5 bars in each top and bottom face 
MK - AS - 401, 9 in. C to C. 
Moment in the vertical wall due 
to the same loading, 
M = 2600 x 3.25 = 8450I# 
M 	8450 	x 12  A = 	 = .433 in2 
6 f Jd 18000 x .87 x 15 
Use 54 - ifibars, MK - AV - 400, 
6 in. C to C bent and hooked as shown in fig.15 
/0- MK-AS-1-0 -10" C TO C 
51-41X-45-101 6"C TO C 
6- MK- A-400 /0" C TO C 1/--2 7- MK- A - 430 - Zed C TO C 
DETAIL OF ABUTMENT 
F/6URE sam 
SCALE c. -  i-O" 
PART III 
LOW ViARREN TYPE THROUGH 
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Tote,/ Length el Bridge -/30=0" - 
LOW WARREN TYPE 7WROUGH TRUSS 
Sc le Rt . 	0" 
F/6URE /6 
Design of Concrete Slab for the 
Through Low Warren Type Truss 
Each truss has eleven floor beams which support the 
slab. The slab is then designed as a beam continuous 
over eleven supports and is considered free at the end 
supports. Since the slab is considered free at the ends, 
the maximum negative moment will be over the first inter- 
mediate support and the maximum positive moment will occur 
in the first panel. To locate the position of the truck 
wheels producing maximum negative moment, loads were 
placed in position relative to the rear and front wheels 
and proportional to the rear and front wheel loads. The 
negative moment over the first intermediate support was 
found by moment distribution method for seven positions 
of the wheel loads. A curve with the moment values as 
ordinate and the positions of wheels on the span as ab-
scissa was plotted. 
To determine the position of the truck wheels produc-
ing maximum positive moment, the first span of the slab is 
shown as a free body. A unit load is placed in the same 
positions as in determining the maximum negative moment, 
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MpA a /X,12.5f-tg) = .8/4 /KaA 	 4.25 (fy 	e 
	
Adfio = Z. 4.5 (17V ) = .242 
"MO = /71.5.25377) /11,4A = / X 2.7510 9/3" M„ p = .41- 4. 75 (01- . 06238 
475 (4, -%?-c- = 
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t .673 - .9/5 0 0 + .0858 -294 0 0 
- .671 + .4575 + .4575 -.04.ea - .0429 + . //7 4- ,1/7 
+.2288 - .3365 - .02/4 + .2288 +.0385 -.02/4 0 4- .0S8J 
-.2288 +./79 4- . /79 -./436 -./436 +.0/08 + . 0/08 - .02.92 
+.0895 - . // 4 4 - 07/8 +.0885 
p -...-.6.0= +-_,0.9.3/ t .0.93/ 
0 - 6365 4- 658 
0 
When x = 2' 
Value - of M it obtained frothetaomnt distribution (page-8 1 ) 
..- 434.1/4' 
- 1EM'about RB = - 6.5R * .4344 - 4.5 x 1 a 0 
RA 	5i 
Positive moment at a section 2 feet from R A 	. 
M'= RA x2 or M 	.625 x 2 = 1.251# 
Value of 	Value of 	Value of 	Value of 
x ft. M coef. RA
i MI i 
2 .4346 •625 1.25 
2.5 .517 .536 1.34 
2.75 .558 .491 1.35 
3.25 .612 .405 1.32 
3.75 .636 .325 1.22 
4.5 .607 .214 .965 
5 .534 .0711 .358 
The maximum positive and negative moment is obtained by 
multi lying the moment due to unit load by the actual 
load, from wheels. 
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Slab Design Cantle,. 
To determine the position of maximum moment due to 
DL the first and second spans of the slab are shown asqk 
free body,reaction RA and RB evaluated, and shear diagram 
drawn. 
kia = ,677.5 L 
A?„, 
Value of MB was obtained from the moment 
uniform load of encased I beam design. 
EMITEL = RAL .6775wL1 	= 0 
tEMRA = VBLL 	.6775wL 112 
Vey. 
distribution for 
RA = 2.57w 
VBL = 3.93w 
.6 77.5-6/./L Mc 50c561.1L 
1 .917 
about Ira = vBgL+ .508wL -.6775wL 
RB -7" VBL VBR 
Let E = effective width of slab in feet for one wheel load. 
E = 	(concrete design notes) 	z = 2 x 6.5 3 	= 4.33 ft. 
Moment per foot of width of slab over 
(moment due to unit load) x (load per wheel) 
RB = 	 effective width 
Negative M due to LL 	.635 x 12000 = 1760 ft.# 
4.33 
Negative M due to IL = 1760 x 3 = 528 ft. •i 
Negative M due to DL a .6775wL = 4.4w ft.# 
Total negative M = 2288 * 4.4w 
2 =65 	PE. 
wL2 m 0 VBR=3.42wL 
RB  = 7.35w 
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Slab Design Co/It'd. 
Positive Mm = 1.35 x 121300 = 3740'# 
Positive IM a 3740 x .3 a 1122 1 # 
Positive DIA = (2.5'77}2.6 - (2.6 2 I 0 3.03w 
Positive total moment = 4862 + 3.03w 
Assume d = 7.5 in. (11 = 1.5 in. Total depth of slab = 
7.5 + 1.5 a 9" 
Weight of slab per square foot = weight of cone.* weight 
of covering. 
Weight of slab per square foot = 9 x 12.5 + 14,5 0 1271/ft 2 
 Total positive 	0 4862 + 3.03 x 127 0 5247'#, say 5500 1 #. 
Total negative M 0 2288 + 4.4w 
= 228$ • 4.4 x 127 0 2846'i 
Working stresses are same as in the first design. 
3 for shear 	3-633 x d 	3633 x 7 ' 5 = 2.08 ft. 12 12 
Shear over RB a 12000 4 vms 
zsoci 	 ot 5770 + 3.93 x 127 
Shear over BB = 6270 
Shear at center 0 .5 x 5770 = 28851 
6270 	* 2885  Shear at PI 	 = 4577# 
V12 x 6270  - 5.48 in. 12 X 208.3 
V , 	6270 :2 6.66 in. V 12 x .arr x 90  Use d = 7.6 
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Slab Design Cont4 d. 
Special anchorage is required, therefore 7 of steel re-
quired at center must go through over the support at 
bottom. 
As top 0 44  0 	-21546 Z 12 *. a .29 in2 . fJd 	L6,,, x .u7 x 7.0 
As bottom 	434  a 	
5500 x 12 	0 .562 in2 . 
fBird 18000 x *87 x 7.5 
Using deformed bars, value of u must not exceed .05; 3 • 
150ein2 . 
1E7:0 at top Tion a . 7 AR71775 PI 6.48 in. 
at bottom = 	2885 	 0 2.95 in.  
150 x .87 lc lr.T 
0 at PI '4 	 4577 • 	4.68 150 x .87 x'7.5 
Bond at support governs 
Use 4.ft 0 bars 1 - S - 600 12 in. C to C straight through 
at bottom. 
Use 	0 bars MX - S - 601 12 in. C to C at bottom, bent 
up at PI over the supports ect. 
Use bars Z. 0 	- 700 12 in. C to C over the support 
and hooked_ beyond. PT. 
For transverse reinforcement, use 1.0 bars MX - S - 400 
12 in. C to C full length of span* 
/VA -.5 - 60/ 	 Ai /r-,5 -700 
• 	C. 	• 	• 
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Floor Beam Desizn 
111 
ar maximum moment at center place It-a s 
f- 	 /3 Le 	 
2 /r 	/2X 	/2X V 2 
- 	 Rs 
M14 = 27 R - 12 x 21 12 x 15 12 x 12 12 x 6 = 0 
-R1 	R2  m-24 K. • • 
Mt at the center ma 24 x 13,5 - 12 x 7.5 - 12 x 1.5 = 216K.Ft. 
imp42:m_216 x_43- 6448 K,F - 
Weight of slab/ft. m 127 x 6.5 = 825#/ft4 
Assume weight of beam 104#/ft. 
Total weight- per foot_ .93 Kp. 
at center = 93 2fi 2  = 84.8 K. ft. 
Total M m (216 s 64.8 84.8)12 x 1000 	4,380,000 in. lb. 
Section Modulus , 4380000  m 244.0 18000 
Section Modulus for 27"9ei beam am 3446.5 so 256. 
13.5 
For maximum shear place IL as shown. 
	  27' O" 





lito 12 x 24 * 12 x 18 + 12 x 	+ 12 x 9 -8127 
Ri = 29.3 Kp. 
xl = Reaction due to LL = 29.35K. 
Assuming weight of curb per panel a .7 Xp., 
DL R =t wt. of curb * wt. of beam = 95 
2 
 x 27  
.098 x 27  
2 
Where R1 = reaction to DL = 13.4, R 1  due to impact = 29.35 x 
.3 a 8.8K. 
Total reaction or total shear at the support * 29.35 + 13.4 + 
8.8 a 51.5 Kp. 
Shearing area required * 51.5 x 1000  
11,000 
Shearing area required = 4.65 sq. in. 
Flexure governs 
Use 27 - 10 in. flange 98# CIB. 
Weight per panel .= 150000 	= 15.0 Kp. 
10 x 1000 




/5 	 16 
v 
15 
Dead. Load. on One Truss 
Weight of slab = 127 x 12.5 x 65 = 103,000# 
Assume weight of curb = 7 , 000# 
Assume weight of structural metal per truss = 40,000# 
Total weight per truss = 150,000# 
92 
Sec 	= 1.41 
= 4.5 x 15 =67.5K 
Tan 	= 1 
Stresses due to DL 
L0U1 = 4.5 x 15 x 1.41 = 95.4K. 
U1L2 =3.5 x 15 x 1.41 =74.2K. 
L2173 = 2.5 x 15 x 1.41 = 53.0K. 
U3L4 = 1.5 x 15 x 1.41 =31.8K. 
Le.T5 = .5 x 15 x 1.41 =10.6K. 
U1U3 = 8 x 15 Ix 120.0K. 
U3U5 = 12 x 15 =-180.0K. 
L0L2 = 4.5 x 15 = *67.5K, 
L2L4 = 10.5 x 15 = +157.5K 
L4L6 = 12.5 x 15 = +187.5K. 
Stresses in Web Members Due to LL 
73X 	 22 fT 
/it 30' 





L® 	 2.9 	L4 	Ls 	Lg 	L7 	Le 4 	Lm 
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Loading for Maximum Stresses in Web Member Due to LL 
Maximum stresses in web members due to LL are obtained 
by placing the rear wheel of the 15 ton truck at the first 
panel point and as many other trucks on the span, a specified 
distance apart, as span will permit; then moving the wheels 
up one panel length but not allowing any more trucks to come 
on the span, because that would tend to reduce the shear at 
the section. (See pageg4 ) 
Loading for Maximum Stresses in Chord Members Due to LL 
Maximum stresses in chord members are obtained by loading 
same as for web member, but other trucks are allowed to come 
on the truss within specified distance. (See page 95 ) 
R, Load of rear wheels of two 15 ton truck on the truss = floor /i2  
beam reaction when the beam is loaded for maximum LL shear, 
(See page 7/) = 29.3 RD. 
Load of the front wheel of 15 ton truck = .(rear wheel R) = 
4 x 29.3 - 7.3 Kp. 
Load of rear wheel concentration of preceding truck 
(114 ton truck) =4 x 29.2 - 22 RD. 
Load of the front wheel of 1 11 ton truck = 1 (22) = 5.5K 
4 
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Stresses in Web Members Due to LL 
Wheel at Li 
)itR a 5.5 x .5 + 22 x 14.5 + 7:3 x 44.5 	x 58.5 
- 65R1 =0 
sg 36.6K Stress in L OU = 36.6 re. '51.8 Kp. 
Wheel at L2 
..1112 = 22 x 8 	7.3 x 38 
Ri a 30.4 Stress in U 
Wheel _at_ 
'ILit a 22 x 1.5 + 7.3 x 31:5 	29.3 x 45.5 - 65R1 a 
R1 22 24.5 Stress in L2U3  = -34.7 Kp. 
Wheel at L4 
-11.14 a 7.3 x 25 + 29.3 x 39 - 65K1 2g 0 
R1 = 20.4 K. Stress in U31.4 = 2 ,(k1 a +28.9K 
Wheel at L34,, 
- 111112 7.3 x 18.5 	29.3 x 32.5 - 65K 1  =0 
Ri IR 16.7 Stress in L4U5 161 a -23.6K 
Wheel at L6 
.1 112 == 7.3 x 12 29.3 x 26 - 6551 0 




13 = +18.5 
Tr5- 
Wheel at L7 
7.3 x 5.5 I. 29.3 x 19.5 - 65111 =0 
RI. 4 9.4 Stress in L 6U7 a 13.3 Kp . 
Wheel at L8 
	
z
a 29.3 x 13 - 6511 1 	0 	111 = 5.86 Stress in UiL8 a; 8.27 Kp. 
Wheel at L9 
*1{11  a 29.3 x 6.5 - 65R1 = 0 Ri a 2.92 Stress in L889 = 4.14 Ip. 
29.3 x 52 - 65R1 0 
30.4  .. +43 Kp 
.707 
Stresses in Chord Members due to LL 
By taking the sum. of moments about R 2 , Ri is obtained for 
loading shown on page 93 
	
Rear wheel of the 15 ton truck at L1 	Rim 36.3 K 
L2 	R1= 30.2 K 
See page 95 
Lz 	R1= 24.31 
L4 	R1= 20.4 K 
Ri 	7.3 x 18.5 * 29.3 x 32.5 * 5.5 x 62. -5 to R1= 22.0K 65 
97 
R1 
, 7.3 x 12 * 29,3 x 26 * 5.5 x46*  
65 
R1 , 7.3 x 5,5 * 29.3 x 19.5 * 5.5 x 49.5 
65 
R1 = 29.3 x 13 * 5.5 x 43 * 22 x 57  
65 
= 17.8 K 
22 x 63, 
Li 	R1= 35.1 K 
148 	2848 K 
R . 29.3 x 6.5 * 5.5 x 36.5 * 22 x 50.5  
1 	 65 L9 Rla 23.1 K 
By the method of sections, stresses in the top and bottom 
chord were determined, stresses being compression in the top 
chord and tension in the bottom chord. 
Let L 0 Panel length 6.5 ft. 
Let H A, Height of truss 0 6.5 ft. 
35.1 35.0 x 7 _ 5.5 x 30 - 22 x 44  
6.5 
L9 23.1 22.9 x9 - 
5.5 x 30 - 22 x 44  
6.5 
Then IL = .263 x LL. I 	50 	a 65 * 125 
263 
Wheel At R1 in Kps. Stress in chord members due to LL 
36.6 	L0L- a R L
- 
 - s
36.3 x 6.5  
6.5 
	
30.4 	U1U3 = R 21. = 30.2 x 2 
24.5 	L2L4 = R 	= 24.3 x 3 




m 20.4 x 4 
22.0 	L4L6 = 22 x _5.5 x 30  
6.5 
17.8 	U5U7 = 17.8 x 6 - 5 . 5 x ao  
6.5 
= 70.7K 
8 	28.8 	U7109 a 28.8 x 8 _ 





Live load stresses for spans over 45 feet in length are in-
creased by a fraction of the live load given by the following 
formula: I =  50  
L X0 125 











Tabulation of Stresses in Web Members 
Loading LoLri 1011,2 L2U3 U3L4 L4U5 
DL .95.4 *74.2 -534 *31.8 -10.6 
LL -51,8 *43.0 -34.7 +28,4 -23.6 
IL -13.6 +11.3 - 9.1 * 7.6 - 6.2 
Total -160.8 +128,5 -96.8 +68.3 -40.4 








DL 67.5 157.5 187.5 120.0 180.0 
LL 36.6 73.5 84.6 60.8 81.6 
IL 9.6 19.4 22.2 15.9 21.4 
Total in 
Kips 	7,4. 113.7 249.4 294.3 196.7 283.0 
99 
Total Stress in # as Stress in Kip x 1000 
A 





Assuming that 1 times the projected area at 4.5 Ft2 per ft. of 
span, Force per foot of span 4.5 x 30 = 1351/Ft. of span. 
Force on live load. 	* 8 x 30 	a. 2401/Ft. of span. 
Total force per panel it 375 x 6.5 Zi 24371 
/2185 , 
Stress in AD = 11867 x 1.109 = 131301 
Stress in BL = 9430 x 1.109 = 104301 
Stress in GT = 6993 x 1.109 Si 77401 
100 
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Designing of the Sections 
Working Stresses for Tension, Compression Shear, & Bearing 
Tension * St * 18000#/in2 
Axial compression, gross section for values of not greater 
than 140, Sc = 15000 - i(147) 2 
Where L * length of compression member in inch, r = least radius 
of gyration of section in inch. 
Compression splice material gross section S e 	18000#/in2 
Shearing stress shop driven rivets S e * 13500#/in2 
 Shearing stress power driven field rivets Ss * 11000#/in2 
 Bearing stress for shop rivets Sb 27000#/in2 
Bearing stress for power driven field rivets SI, 22500#/in2 . 
3 z. inch diameter rivets will be used. 
All floor beams are 27 in. x 10 in. flange x 98i/Ft. Car I beam. 
See page 91 
Bottom Chord 
L012 Required Area m Total Stress 	113700  m 6.32 in 2 
Working Stress 18,000 
Use 2 - 12 in 25i/Ft.c Gross area = 7.3 x 2 = 14.6 in2 
Net area 0 14.6 	(Diam. of hole)(Thickness of web)(No. chan.) 
* 14.6 - (.875 x .387)2 * 13.9 in2 . 
However, 2 - 12 in. 25i/Ft. channels will be 
used as shown in the fig. 
1,21,4 Required Area = 249400 = 13.8 
18000 
Use 2 - 12 in. 25# Chan. Gr A = 14.6 
Net A a 17.6 - (.875 x .387)2 = 13.9 
102 
1,41.6 Required Area m 	 16.:3 
Using a section of 2 - 12 in. 25i Chan. and 
2 5 in x 10 plates welded on to the Chan. r6. 
Net A = (14.6 +(....„5 x 10)2 -(.387 
16 
Net A = 19.6 in 2 . 
Design of Top Chord 
U3U5 Try 2 - 12" - 25# ehan. 	x 12 Pa, 11_1 ehan a 143.5 
A of Chan. a 7.3 
	
A of P1. = 4.5 	12_2 char = 4.5 
7.3 x 6 x 2 1, 4.5 x 12.187  m 7.45" Y 	19.14 
11_1 = (143.5 	7.32 x (1.45) 2)2 * 
12 x( *375)3 * 4.5 x(4.64) 2 = 414.0 
12 
Kl  All m 4.64 
12_2 = (4.5 + 7.32 1(5.32)2)2 + "375 x(12 ) 3 
12 
12_2 a 475.1 > 11_1 	K2 > 
K2 = 1/475.1 m 4.99 
19.1 
13 x 12 
a
aa 
 4.64 S = 15000 11 112=14733 1r 
283000  Req. A 	 = 19.2 	Area of section = 19.14 14733 
).875 x 2 	WELL) FiLLET 
103: 
Design of Top Chord Cont/d. 
	
U1U3 Try 2 - 12" - 25i Chan. and 	x 12" PL 
A of than. a 7.32 in 2 A of PL a 3.75 in 2 
-7.32 x 6 x 2 *_4.06 x 12.156 = 7.25 in. 
18.4 	- 
a (143.5 * 7.32 x(1.33) 2 )2 * 3.75 x (4.9) 2 1 1 _ 1 a 409.8 in4 
409.8 4. 4.62 in. 
18.4 
12_2 =4.5 * 7.32(5.32) 2 x 2 * 12 x ( 12) 3 a 466.2 in4 >. 12 
K2 > K1 
L = 13 x 12 x33.8 
4.62 
S = 15000 - 1(33.8) 2  a 14,710/I 2 T 
Required A 1050 = 13.3in2 Area of see. = 18.4in? 
This section will be used to simplify fabrication. 
L0U1 Total stress in this member is 160800# which is less than 
stress in Uly13. The effective length is also less than D1U3, but 
same section will be used as in Ug3 to simplify fabrication. 
1 
Design of Web Members 
U1 L2 L 	Area required , 
*126500  = 7.14 in2 
16L;,_0 
Ute 12 in. 32i I Beam 
Gross A =9.41 in2 . Net A = 9.41 - .48 x .875 x 4 
a 7.73111 
L2U3 Length = 9.2 ft. Try 2 - 8 in. 11 1 eft. chan. 
A = 3.36 in2 . 11_1 a 32.3 in4 . 12_2 = 1.3 in4 . 
'1-1 n 32.3 x 2 = 64.6 in4 
12_2 a (1.3 * 3.36 x(5.42) 2 )2 	200.2 in4 
K = T64;6  ; 3.1 in. 	, 9.2 x 12 =35.6 1 	6.72 	. L 	3.1 
S 	15000 
Required A 




= 14,683#/in2 . 
6.59 in2 . 
1 




Design of Web Members Cont , d. 
II3L4 Area required 	68300 
00  = 3.8 in2 
Use - 2 - 5 x 3 x L12 	A =2.4 
Gross A= 4.8 Net A = 4.8 - .31 x .875 x 2 = 4.2 In 2 
Try 2 - 5 x 3 x 7.5 Ll A= 2.4 
I 1-1 = 6.3 x 2 	K = 	= 1.62 11-3171: —47$ 
L . 9.2 x 12 =67.8 
1.62 
I2-2 = (1.8 t 2.4 x(5.32) 2 )2 = 139.4 > I1-1 
s 15000 -x(67.8) 2 s at 13850 
Required A = = 2.92 in2 41.=  
Net A = 4.8 - .31 x .875• x 2 = 4.2 in2 . 
Design of Hanger 
LL/panel = 29.3 K 
DL/panel = 15.0 K 
IL/panel w 29.3 x .263 = 7.7 
Total = 52.0 K 
Required A . 52000  = 2.89 in2 . Try 12" 28# I beam. 
18000 
Net A = 8.23 - .42 x .875 x 4 =6.7 IM 
Stress in vertical due to thrust applied at the top chord 
R = 150(A L) where R = Thrust # 
A = Area of top chord sect. in 2 
L = Panel length in feet. 
R = 150(19.14 * 6.5) = 3960# 
Moment about the top of the floor beam. 
3960 x 51 a 201960 in.# 
, Maximum stress due to bending 	201960 x 6  = 6600 1/in2 
183.4 
Direct stress . 52000 . 7050 1/in2 7. 9 
Total stress = 6600 * 7050 = 13650 #/ina2 
Use 12" 25# 1 beam for all hangers and posts. 
Laterals maximum stress * 13130. 
Required A . 13130 = g73  
18000 
Try 3 x 3 x 	 Gross A . 1.78 in2 




Working Stresses in Rivets 
Shearing stress shop driven rivets 	5s 
Shearing stress power driven field rivets S e 
Bearing stress shop driven rivets 	Sb 
Bearing stress power driven field rivets 	Sb 
Details of Floor Beam Connection 
Maximum and shear on the floor beam = 51,500. 
Rivets on to the truss are field rivets. 





See page 91. 
Number of rivets required = 51,500 	= 10.6 and 11,000 x .442 
2- 3 x 3 x 5 Ls 
Number of rivets for bearing = 51500 	= 8.1 
22500 x .75 x .312 
Use 12 rivets. 
Web rivets are shop rivets and in double shear. 
Number required = 	51500 	= 4.31 13500 x .442 x 2 
Web thickness = .5 
Number required for bearing = 2001_51500 	= 5.08 
Use 6 rivets. 
Details Cont'd. 
Rivets in Lateral Bracing 
Number of rivets required in shear . 	13130 	. 2 .7 
11000 x .42 
Number of rivets required in bearing = 	13130  
27000 x .75 x .31 
2.1 Use 3 rivets. 
Joint U1 For UlLito develop the section 
. Number of rivets required 6.55 x 18000 	19 .75 
13500 x .442 
Use 20 rivets. 
Use 24 rivets. 
Use 46 rivets. 
Number required for bearing = 	18.4 x 14715 	34.6 
27000 x 	x .387 
Use 46 rivets. 
For LOU1  * 9 .24 x62 	 4 
12 * 23.9 s = 15000 - 1423.9) 2 a .  
108 
MI 
For U1L2 , 
For U1U2, 
7.47 x 18000  
13500 x .442 
18.4 x 14715  




Strength of the post = 14857 x 18.4 = 273,5001. 
Number of rivets required for bearing = 
273500  
27000 x .75 x .387" 35 
Number of rivets required for shear = 
273500 	
a 46 rivets 13500 x .442 
The force acting across the joint = 160,804 
Area of gusset plates required . 160800 , 8.94 in2 
18000 
Assuming the effective width of gusset plate along the joint 
= 13" and using Z. thick plate area = 13 x 2 x .375 = 9.74 in2 
109 
Details Cont'd. 
Joint L0 Number of rivets required for developed L0U1 
273500  = 35 27000 x .75 x .387 
For Lola Number of rivets required for bearing = 
13.9 x 18000 	;31.9 27000 x .75 x.387 
For L0L1 Number of rivets required for shear = 
13.9 x 18000 
 = 42 Use 42 rivets. 13500 x 442 
L2U3 Number of rivets required in shear = 
6.72 x 14683  = 16.5 
13500 x .442 
L2U3 Number of rivets required in bearing = 
6.72 x 18000  = 27.2 Use 28 rivets. 27000 x .73 x .22 
U3L4 Number of rivets required for bearing = 
4.2 x 18000 	=12 Use 12 rivets. 27000 x .75 x .31 
L4U5 Number of rivets required for bearing = 
4.2 x 18000 	
= 12 Use 12 rivets. 27000 x .75 x .31 
Laterals Number of rivets required for bearing = 
13,130  = 2.1 27000 x .75 x .Z1 
Laterals Number of rivets required for shear = 
13,130 	= 2.7 	Use 3 rivets. 11000 x .442 
Number of rivets required to transmit the load from gusset 
plates to chords 
L2 	= 96.8 x .707 + 128.5 x .707 = 159.4 
Fy = 128.5 x .707 - 96.8 x .707 = 22.6 
Details Cont'd. 
R = 1/(159.1) 2 * (32.3) 2 a 161.0 
Number of rivets required for shear a 
161.000 	= 27. 13500 x .442 
Number of rivets required for bearing = 
162300 	= 21.2 Use 28 riv. 2C7770x-75773n 
U3 	-2Fy  = (96.8 - 68.3).707 = 20.1 
x a (96.8 * 68.3).707 =117 
R a 11(117)2 	(20.1) 2 : 118800# 
Number of rivets required for shear a 
118800 	a 19.8 Use 20 riv. 13500 x .442 
L4 	 = (68.3 - 40.4) .707 = 19.7 
= (68.3 * 40.4).707 = 76.8 
R = 79.34. 
Number of rivets required = 	79300 	= 13.3 13500 x .442 
U5 Fy = 0 
= (40.4 * 40.4).707 = 57,000# 
Number of rivets required = 	57000 	4 9.6 
13500 x .442 
Rivet Spacing in Cover Plate 
Let Sh = increment of flange stress in /Winch. 
s
h , A V Where Al = Area of cover plate rE2 
V = Total vertical shear on a section 
A2 = Total area of section 
h = Effective depth 
Details Cont'd. 
0 	.31 x 12(.75000 	36600 • .26 x 36600) ..4h 	 18.4 x 34 
Mt 
3.72 x 121110 = 720ein. 
 625 
There are two rivets transfering this stress. 
Pitch of rivets = 2 x 11000 x .442.1  13.5 in. 720 
But the spacing shall be as follows: A spacing of 3 in. 
for a distance of 18 in. from each end. Beyond this point 
the pitch shall be increased by inch until maximum 
spacing of 6 in. is reached which shall be used for the 
remaining distance. 
Lacing Bars 
Lacing of compression members is designed to resist shear-
ing stress normal to the member whose magnitude sit 
L 
V = . 
v 	. 10 
Where P = Allowable compressive axial load on member 
L = Length of member in inches. 
3k Radius of gyration of section about the axis perpen-
dicular to the plane of the lacing in inches. 
283000 100 13 x 12 V 0 7754 11T3U5 	--- ITT 13 x 1Z 10 4.99 4.99 100 
Axial force on bar = 7750 	7750  = 44701 2 x cos 30 ° 2 x .866 
111 
Details Cont'd. 
Assume 2 1 x .31 bar 60 0 with long axis Length of bar 
11 ". 
1 . 2.25(.31) 3  , .00558 	K .. Y.0
25
0558 .31 = .0895 2 	 2. x  
L 11  
! u .0895 I: 12.30  
S = 15000 - 4123) 2 = 11225#/in 2 
Required A = 447011220 = .397 in2 . 
Area of section 2.25 x .31 = .7 in 2 . 
Length of flange included between lacing bar = 9.2 x .5 = 
4.6" 
K for channel = .79. Therefore L4.6 = 5.83 
7177r 
Since this is the minimum size bar permissible to use and 
the stresses in the other members are less, this bar then 
will be used in all members. 
Design of Railing 
Uniform load on railing w = 100# per foot of length. 
Length of railing L = 6.5' 
Maximum bending moment M = w .,100(6.85) 2 x 12  = 63380i/in. 
Try 3 x 5 	 -- x 2.19 2 x .17 IA s 01000  
1.6 	= 8670 ein2 
Vertical End Post for Railing 
wL Load from the lower railing P1 = 	= 100 x 6.5 = 
= 
325# 
320 Load from the upper railing P 2 = wL . 100 
2 




P1 acts 2 ft. from support ) 
Cantilever loading 
P2 acts 34 ft. from support ) 
M = (325 x 2 $ 3.75 x 325)12 = 22500"# 
Try 4x4x 1 L 
Q = Mc :  22500 x 2.82  114501/in2 --r 	5.6 
Design of Bearing Plate for Pier 
Loads per truss DL = 75000# 
LL = 46100# 
IL = 12100# 
Total load per truss ' 133100# 
Total load coming to column of pier = 133100 x 2 ■ 266200# 
Area of plate required m 266200 = 445 in2 
Assume column 24 x 24 at the top, therefore 
s 
, 24 
266x2024  m 464#/in2 
M = 
t 2 IvL2 = 464(
8
24;  m 33500"# 
M I 	bt 2 33500  
—6"-- 18000 
t2 = .46 in. 	t = .68 in. 
Use 1 in. thick 24 x 24 in. plate. 
LOW WAR RE N TYPE THROUGH TRUSS 
/2X/3 i6  Tie Plate 
*ff=4421=7 ■ 	■ .1= TITT7.771=1 :: 0 	t: 	Orrirlr:7 !Iv 000000 
Stal 
at Free Ends 
/1 Holes at the 
Fixed Ends 
Ai. /2" Plate ,SCALE 	0" Ir/2" Plate weld we/0' JIM- JO, .0111. 
- 	 Brackei's 
Welded in Place 
es ♦ s 	 
/8=0 
SCALE 2 = /-0 /11;e
/7 'P/ear 	H 





/x//; " P/ale 
SECT/ON 4-A.  
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Tabulation of materials required for construction of 
the encased 1 Beam Bridge 
Reinforcing steel in slab 
Length of bars 
in feet 
no. of 	wt./ft 
bars in lbs. 
total 
vrt. 
1.75 130 1.502 342 
26 130 1.502 5090 
26 130 1.043 3530 
30 130 .85 3320 
3.5 1170 .167 685 
Total 15967 
Mark 	Size of 
bars 
3 
1 	 1. T-S-600 	Round 
3 
MK-S-601 T Round 
$ M 	n. ILK-S-500 	Round 
1 MK-S-450 r Sauare 
 I,T-SB-200 	Round 
'Reinforcing steel in railin g , posts, 
MK-C -400 	Round 	 130 	 12 	.668 
2 
EM-R-400 	1 Rodnd 	 9.5 	 172 	.386 
1:11-R-401 	2:Round 7.4 	 68 	.386 
2 
IM-C-400 	1 Round 	 2.5 	 260 	.386 








Reinforcing steel in Pier 1 and 2 
MK-D-950 	1-
1 
 Square a 26 1 4.303 112 
ha-D-1050 	Square 26 3 5.313 414 
La-F-500 	5 7 Round 5 20 1.043 104.3 












M1K-PB-6/00-1-2 	;Round 6 26 2.049 319 
=-PB-500 	5 Round 8 21 1.043 175 
MK-DV-400 	1 Round 15 21 .386 316 










26 5 2.044 266 
26 2 3.4 177 
26 4 5.313 552 
26 6 .668 104 
7.5 21 .668 105 
15.5 20 3.4 1050 
8 10 .167 12.8 
26 4 5.313 553 
28.5 5 5.313 757 
5 10 .668 33.2 
Tabulation of materials cont. 
Total steel in pier 1 and 2 	 9180.6 1b7. 
Reinforcing steel in pier 3 




ME.-D-850 1 Square 
TZ-D-1050 12-square 
4 
MK-DH-400 1 round r 
NEDV-400 1 round 
la-C-850 1 square 
ME,C-200 1 round 
MK-F-1050 li square 
la-F-1051 14  
4- 	- 
II.-F-400 1  — round 
2 
Total 	3610 
Reinforcing steel in Abutment 
la-A-400 1 round 	28 	5 	.386 	54 
MX-A-450 1 equate 	5 	27 	.85 	115 n. 
MK-AS-400 .1 round 	11.5 	55 	.668 	422 
la-AS-401 
Z 
 a round 	28 	10 	.668 	187 
la-AV-400 1 round 	3 	55 	.668 	111 
total 	889 
124 
Reinforcing steel in the two abutments 	1,778 lbs. 

















$ 31 . Round 
1 Square 
▪ Round 
1 ✓ Round 
✓ Round 
Tabulation of materials cont. 
125 
total 
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11 	r T 
16.3 11 	It 
206.5 11 
Tabulation of Material Required for 
Construction of the Truss Bridge 









28 .382 53.5 
7 5.3 1075.0 
55 .682 412.0 
10 .682 191.0 
55 .682 113.0 
Total 1844.5 # 
Total Reinforcing Steel Required 21821.5 i 
29 2 1,05 
23 16 4.31 
23 8 5.3 
28 13 .682 
13 25 .682 
5.25 10 1.05 








total 	 3075 
Tabulation of Material Required for Construction of the 
Truss Bridge 
Reinforcing steel in one truss 
Mark size of 	length 	no. of lit./ft. total wt. 
bars in feet bars in lbs. in lbs. 
IT-S-600 3 round 65 25 1.502 2450 
4 
la-S-601 3 round 70 25 1.502 2640 
1 ,T-S-700 7 round 3.4 250 2.044 1735 
8 




Total_reinforcing steel in the slab 
	
15,890 
Reinforcing steel in curb 
ME-C-500 5  round 	65 	12 
	
1 	837 




Reinforcing steel in Pier 
5 MK-D-500
73
- round • 
MK-C-950 14 square 
YE-C-1050 1 square 
I,-DH-400 7 round 
1 MK-DV-400 r round 
MK- 	
z 
F-500 5 — round 8 
1 MK-C-200 	round 
126 
Tabulation of Materials Cont'd. 
Weight of Truss 
Length in 	Wt./ft. 	Total wt. 
	Total 



















U 5L 5/2 
	
8.5 	62.8 	 533 
7.0 32 224 
7.4 	23 	 170 
7.4 16.4 121 
7.4 	 16.4 	 121 
6.5 62.8 408 
6.5 	 62.8 	 408 
6.5 65.3 424 
6.5 	 65.3 	 424 
7.2 50.0 360 
6.5 	 50.0 	 325 
6.5 50.0 325 
6.5 	 50.0 	 325 
6.5 50.0 325 
5.0 	 25.0 	 125 
5.4 25.0 132 
5.4 	25.0 	 132 
5.4 25 132 




Web Plates in Lower Chord 
127 
Length Thickness 
Member 	in ft. 	in ft. 
L4 L5 6.5 	0.0261 
Width 	Vol. in 	Wt. in 
in ft. ft. lbs. 
.834 	.1415 	69.5 i 
Area ft2 . 
Bearing Plates 
Thickness 	 V4. Wt. in 
in ft. Number 	ft °. 	lbs. 
Total wt. 
in lb. 
4 	 0.0835 	1 	.334 	163.0 
	
41 












Total 	 5,249 
Tabulation of Materials Conttd. 
Gusset Plates 







L o 13.75 0.0312 210 
Li 12.38 0.0312 189 
L2 23.4 0.0312 355 
L3 12.38 0.0312 189 
L4 16.0 0.0312 244 
L
5/2 6.19 0.0312 95 1282 
U1 19.0 0.0312 290 
U2 12.38 0.0312 189 
U3 18.0 0.0312 275 
U4 12.38 0.0312 189 
U
5/2 
8.0 0.0312 122 
1065 
Gusset Plates at the Center of Floor Beam for Laterals 
Vo)2 . 
ft'. 	Number 	Total wt. in lbs. 
3.02 	0.026 	.0785 	2.5 	 96 
Gusset Plates on Truss for Laterals 





Vol. 	Number 	Total wt. in lbs. 
ft 3 . 
.117 	2 	 115 
Tie Plates 
Total 	Wt. in 	Total wt. 
Length Width Thickness Number 	Vol. lbs. in lbs. 
1 	1 	0.026 	38 	1.07 	522 
128 




Tabulation of Material Cont'd. 
Cover Plate 
Length ft. 	Width ft. 	Thick's ft. 	Vol.ft3 	Weight 	Total wt. 
	
20.5 	1 	0.026 	0.534 261 
13.0 1 0.031 0.403 	198 
459 
Lacing Bars 
Length Width 	Thick's 	No. bars 	Total vol. Weight Total wt. 
0.92 0.19 0.026 20 0.0907 45 
45 
Rail Posts 
Height Weight/ft. Number Weight Total wt. 
5.5 12.75 1 70 
70 
Railing 
Length Weight/ft. Weight Total wt. 
65 6.6 430 
430 
Rivets 
Size Number Weight Total wt. 
0.8125 1150 333 
333 
Floor Beams 
Length Weight/ft. Number Weight Total wt. 
13 98 5.5 7,0uu 
7,000 
Joining Angles 
Length Weight/ft. Number Weight Total wt. 
1.83 6.1 11 129 
129 
Lateral Bracing Angles 
Length Weight/ft. Number Weight Total wt. 
13 	6.1 	10 	 792 
792 
Total 	 9282 
Total per Truss = 35,222# 
Assumed Weight per Truss az 40,000# 
Encased I Beam Bridge 
Total reinforcing steel required 	 35169# 
Cost of reinforcing steel in place 	$37.50 per 1000# 
Cost of reinforcing steel 	 $1,318.84 
Total concrete required 	 260.5 Cu. Yds. 
Cost of concrete and forms in place 	$25.00 per Cu. Yd. 
Cost of concrete and forms 	 $6,512.50 
Weight of steel in I Beams 	 50400# 
Cost of steel in place 	 $50.00 per 1000 # 
Cost of steel 	 $2,520.00 
Cost of excavation for piers 
	
$125.00 





Reinforcing steel required 
	
21821.5# 





171.2 Cu. Yds. 
Cost of concrete and forms 
	
44280.00 
Structural steel required 	 140888# 
Cost of structural steel in place 	$55.00 per 10001 
Cost of structural steel 	 47748.84 
Cost of excavation for pier 	 462.50 
Total cost of the Truss Bridge 	 412909.64 
Difference 	 42433.30 
131 
CONCLUSIONS 
There are many types of bridges which could have 
been designed for this particular project. Some of 
them undoubtedly would cost less to build. The En. 
cased I Beam was selected because of its extensive use 
in the Southeastern States and the Low Warren Truss 
because of its similarity in appearance and its pop. 
ularity in other sections of this country. The visi-
bility from the roadway of both bridges is practically 
the same and any preference as to the appearance from 
the side would be largely a matter of personal opinian. 
The maintenance cost of either bridge would probably 
be a negligible factor, though the steel truss would 
require periodic painting. However, the salvage value 
of the truss may be considered. 
Both designs are suitable for present as well as 
near-future conditions of traffic in this location as 
estimated by the Georgia State Highway Department, 
There may be, however, factors unforseen by these ex-
perts in traffic expansion which would cause these de-
signs to become prematurely obsolete. It is quite 
certain that deterioration would not terminate the safe 
use of either bridge before this possible obsolescence 
would occur. 
The first cost of the Encased I Beam Bridge is 
$243540 less than that of the Truss Bridge. Therefore, 
if the first cost is the governing factor in the select.. 
ion of a design, the Encased I Beam Bridge should to 
used. However, other factors would have a considerable 
influence on the selection of the type bridge. 
The preceding tabulations of costs are based on 
current prices of material and labor in the Atlanta 
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